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Project Summary  
The Department of Defense (DoD) is relying more heavily on virtual environment and augmented reality 
for training purposes. However, little is known as to whether the use of a virtual environment (VE) and 
augmented reality (AR) are as effective in training tasks that require fine motor skills. This research 
measured human precision and efficiency by comparing augmented reality cued (ARC) and traditionally 
cued (TC) maintenance procedures in five tasks designed to elicit absolute, cumulative, absolute referential, 
and complexity errors across both ARC and TC conditions. Results indicate ARC procedures are 
statistically more efficient for human precise placement tasks of small parts, while precision is roughly 
equal. The assembly task, analogous to an assembly procedure, is statistically both more efficient and more 
precise using ARC vice TC procedures. Results indicate that ARC procedures for small part placement and 
assembly tasks are more efficient, faster, and in most cases at least as precise as TC procedures. 
 
Keywords: virtual environments, augmented reality, training, human precision, human efficiency 
 
Background 
Most Navy classrooms/labs rely heavily upon training technology in general, and virtual simulations/ 
environments in particular, to help deliver instruction and content to students. Research has demonstrated 
the effectiveness of both VE and AR for training certain skills. For example, use of visual or haptic cues to 
keyboard entry tasks in VE lead to greater motor learning than perceptual learning (Kim, Johnson, 
Gillespie, & Seidler, 2014; Waller, Hunt & Knapp, 1998). AR has been used successfully to evaluate 
mechanics’ performance with a torque wrench and in training assembly tasks to novices (Aviation Voice, 
2017; Tang, Owen, Biocca, & Mou, 2003). Novices who used AR training made significantly fewer errors 
and completed the assembly task in significantly less time than novices using either print instructions or 
computer aided instructions (Tang et al, 2003).  
 
Findings and Conclusions 
The primary research question was to ascertain the effects of replacing traditional training with training in 
VE and/or AR in terms of precision and efficiency. We hypothesized that participants who receive VE/AR 
training would make fewer errors and complete an assembly task more quickly than participants receiving 
traditional training.  The assembly task consisted of making approximately 50 correct actions to assemble 
a large object out of erector set pieces, bolts, and wire. Error was operationalized as any of the following: by 
misconnecting parts, missing parts, incorrect positioning of parts, incorrect direction of parts (bolts or 
wires), or misrouting of wires. Thirty-four Marine maintenance personnel participated in the study. 
Microsoft Hololens was used for the AR condition. A within person experimental design was used such that 
18 participants first completed the assembly task with traditional training (traditional condition) and then 
completed the task with AR training (AR condition); the other 18 completed the tasks in the reverse order 
(i.e,, AR then traditional). To assist with attaining precise measures of completion time and precision, a 
video camera recorded the participants’ performance. This study was approved by both the Naval 
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Postgraduate School (NPS) and United States Marine Corps (USMC) Institutional Review Boards (IRBs). 
CDR Angelopoulos designed and conducted the experiment, and analyzed the data. 
 
Results supported the hypotheses. Paired t-test indicated that time to complete the assembly task was 
significantly shorter in the AR condition than the traditional condition (Mean difference: 87.21 sec, 95% 
CI: -166.15sec to -8.26sec, t(30) = 2.26, p = .03). Participants also made significantly fewer errors with the 
AR condition than traditional condition (mean difference = 25.53mm; 95% CI: .01mm to .029mm, z = 5.64, 
p < .0001).   
 
Recommendations for Further Research 
Results indicated ARC procedures for small part placement and assembly tasks, including wiring, are more 
efficient and precise than traditional procedures. Several lines of future research exist, including the 
following: 
• This study examined a task that required the manipulation of small pieces and fine motor skills. Are 
similar results found when assembling something made of larger pieces? Is there a definable curve or 
correlation to size of parts and human precision and efficiency? 
• Participants in this study were Marine maintenance professionals. Do these results generalize to other 
military populations?  
• The assembly task was designed to meet the requirements of a controlled scientific experiment. Would 
results generalize to an actual assembly task currently trained by the DoD? Is there a definable transition 
where intuitiveness, simplicity, or repetitiveness of a task overrides the benefits of ARC? 
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